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DESIGN REQUIREMENTS 
This paper cen te r s  on the  design of antenna systems f o r  radar  capable of 
probing t h e  mesosphere. Since the s p a t i a l  wavelength dependency of t u rbu len t ly  
advected ion iza t ion  cu t s  o f f  r a t h e r  r ap id ly  below wavelengths of about 3 m, t h i s  
impl ies  t h a t  w e  are d iscuss ing  f requencies  of 100 MHz and below; most probably, 
i n  the range 40-60 MHz. 
antenna ape r tu re  of l o 4  m2 o r  more. Taken toge ther ,  t h e  frequency and ape r tu re  
requirements po in t  t o  an a r r a y  antenna of some kind as the most economical 
so lu t ion .  Such an a r r a y  could cons i s t  of d ipoles  or  more d i r e c t i v e  elements; 
these  elements can be e i t h e r  a c t i v e  o r  passive.  
Also, requirements of s e n s i t i v i t y  c a l l  f o r  a phys ica l  
The use of an a r r a y  implies severe l i m i t a t i o n s  on s t e e r a b i l i t y ,  so it i s  
necessary t o  def ine  c a r e f u l l y  j u s t  how much s t e e r a b i l i t y  i s  requi red  f o r  the 
s c i e n t i f i c  goa l s  of the f a c i l i t y .  
v e r t i c a l l y  and a t  two f i x e d  d i r e c t i o n s  i n  the east-west and north-south planes? 
VINCENT (1982) has shown t h a t  momentum f luxes  may be deduced i f  symmetrical 
po in t ing  d i r e c t i o n s  a r e  a v a i l a b l e  on e i t h e r  s ide  of the  zeni th .  
r ep resen t s  an add i t iona l  requirement. I f  more than one s e t  of angles away from 
zen i th  i s  requi red  (e.g., i f  d i f f e r e n t  angles a r e  required f o r  s t r a t o s p h e r i c  and 
mesospheric work) add i t iona l  complexities r e s u l t .  F ina l ly ,  one could suppose a 
c a p a b i l i t y  of po in t ing  a t  any d i r e c t i o n  wi th in  a l imi ted  po r t ion  of the  sky. 
I s  it  s u f f i c i e n t  t o  be ab le  t o  poin t  i t  
So t h i s  
Another requirement may be f o r  modularity: the  a b i l i t y  t o  s p l i t  the 
antenna i n t o  two o r  more sec t ions ,  each poin t ing  a t  a d i f f e r e n t  pa r t  of the  sky, 
t o  permit simultaneous ope ra t ion  without beam switching. Again, d i f f e r e n t  p a r t s  
of t he  antenna may be requi red  t o  be used f o r  a spaced-antenna d r i f t  experiment. 
The speed of the  r a p i d i t y  with which the antenna i s  requi red  t o  be pointed 
i n  a new d i r e c t i o n  or  reconfigured i n t o  a new modularity,  is an  important design 
cons idera t ion ,  as very  rap id  switching implies g r e a t e r  e l e c t r o n i c  complexities. 
A f i n a l  cons idera t ion  is  bandwidth fo r  t he  antenna. Thin d ipo le s  them- 
se lves  have a f i n i t e  bandwidth. I f  a long a r r a y  i s  f ed  a t  the  end, changing 
frequency r e s u l t s  i n  swinging the  d i r e c t i o n  of the  beam. Impedance matching 
s tubs  may lead t o  a degradation of t he  VSWR if the  design bandwidth i s  exceeded. 
COST CONSIDERATIONS AND DISTRIBUTED TRANSMITTERS 
The signal-to-noise r a t i o  S of an MST r ada r  i s  given by: 
S = %PA 
where P i s  the  t r ansmi t t e r  peak pulse power and A i s  the  e f f e c t i v e  antenna area.  
The cos t  CT of the  t r ansmi t t e r  i s  given by 
(+ = K2P + K3 
where K3 represents  the  cos t  of the  low-level d r i v e  s tages .  
CA i s  
The antenna cos t  
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where A i s  the antenna area. 
signal-to-noise r a t io ,  we have 
Expressing the  t o t a l  cost i n  terms of a desired 
K2s 
* K4A + K1A + K3 
This cost i s  a minimum when 
K2S 
KIA 
K4A = -
t h a t  i s ,  when the antenna cost  i s  equal t o  the var iable  portion of the trans- 
mitter cost .  This pr inciple  i s  often violated i n  the construction of MST radar 
f a c i l i t i e s ;  for  example, the Urbana radar antenna cost  about $30,000, while the 
t ransmit ter  cost  was over $300,000. 
mated cost  was $800,000, the equality was probably nearly sat isf ied.  
For the Jicamarca antenna, whose e s t i -  
It i s  in t e re s t ing  t o  extend t h i s  s imple  calculation t o  the case of a 
d i s t r ibu ted  transmitter,  consisting of N modules of area A and power PIN. 
cost equation becomes : 
The 
K2S C p K A + -  4 KIA ' K3N 
and the c r i t e r i o n  t h a t  the t o t a l  antenna cost should equal the t o t a l  var iable  
portion of the transmitter cost s t i l l  applies. 
using a dis t r ibuted t ransmit ter  can be estimated by assuming K2 = $3/watt, 
K3 = $5000. 
a peak transmitter power of 1700 watt, suggesting tha t  the individual modules 
should be fo r  a t  least tha t  power i n  order t o  avoid paying an excessive pr ice  
f o r  modularity. 
MODULE SIZES 
The excess cost involved i n  
T h i s  would make the fixed and var iable  transmitter costs equal for  
The attainment of phased-array s t ee rab i l i t y  poses l imitat ions on the design 
of modules fo r  an MST radar  antenna. H e r e ,  a module i s  defined a s  a subset of 
t he  array within which a l l  r ad ia t ing  elements a r e  fed i n  phase. For example, i f  
unlimited s t e e r a b i l i t y  i s  required, the module must consist  of no more than a 
s ingle  dipole. A t  the other extreme, one may consider the antenna a t  Jicamarca 
(Figure 1) which has 64 modules each 6 h x 6 A ,  having a 1/2-power beanwidth of 
8.24". 
circle of radius 4.12" (see Figure 2) without excessive degradation of ove ra l l  
gain, simply by rephasing the various modules. The Urbana array (Figure 3 )  i s  
organized i n t o  modules ( ca l l ed  "cells" here) a lso of dimension 6 x 6 A ,  
though the feed system is somewhat d i f f e ren t  from tha t  a t  Jicamarca. 
So i t  i s  possible t o  phase these modules t o  any direct ion within a 
The modular design of the Jicamarca antenna gives the poss ib i l i t y  of having 
several  simultaneous pointing directions.  
spheric work t o  dedicate one polarization of the antenna t o  the v e r t i c a l  point- 
ing direct ion,  and t o  dedicate the two halves of the other polar izat ion t o  an 
eas t e r ly  and southerly direct ion,  as shown on Figure 2; so t h a t  a l l  three direc- 
t ions may be used simultaneously. Changing t h i s  arrangement, however, takes 
hours t o  accomplish. 
changing the antenna performance. 
For example, it i s  common for  meso- 
Elements with increased d i r e c t i v i t y  can be subst i tuted for  a module without 
For example, the gain of each module of the 
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Figure 1. Configuration and the feed arrangement f o r  the 
Jicamarca antenna (OCHS, 1965). 
Jicamarca antenna i s  21 dB over an i so t rop ic  r ad ia to r ,  so the 64 modules can be 
subst i tuted by any d i r ec t ive  elements with tha t  gain, located a t  the center  of 
each module. 
combined a r r ay  would have the maximum gain achievable fo r  a f i l l e d  array.  
the Japanese MU-radar, on the other hand, Yagi antennas are used fo r  each 
module, but spaced only a one-half wavelength i n  each direct ion.  The Yagi gain 
cannot contr ibute  t o  the ove ra l l  array gain, but addi t ional  protect ion against  
sidelobes i s  obtained. 
CHOICE OF POINTING DIRECTIONS 
There would be no point i n  spacing them more closely,  since the 
I n  
The s ize  of module adopted i s  determined largely by the choice of pointing 
Given the 8.24" HPBW of the Jicamarca antenna, and d i r ec t ions  f o r  the antenna. 
i t s  1.5" tilt toward the southwest, pointing direct ions 3.5" towards the w e s t  
and south were eas i ly  obtained. 
slopes a l so  1.5" from the v e r t i c a l ,  but i n  t h i s  case towards the  southeast, 
pointing d i r ec t ions  a t  2" t o  the south and eas t  are obtainable. The modules of 
the Poker F l a t  antenna are f ixed a t  15" from ve r t i ca l .  What are the advantages 
of the r e l a t ive ly  small ( l e s s  than 5") o r  r e l a t ive ly  large ( Q l 5 " )  zenith 
angles? 
With the Urbana antenna, which coincidentally 
Three considerations a r e  important for  t h i s  question. The f i r s t  of these 
i s  the aspect s e n s i t i v i t y  of the sca t t e r ing  i r r e g u l a r i t i e s .  Where t h i s  i s  
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Figure 2. Antenna pointing directions used for mesospheric experiment. 
Horizontal (3 dB) dimensions of the off-vertical scattering volumes 
are 1 km by 2 km at 76 km altitude (adapted from RASTOGI and BOWHILL, 
1975). 
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Figure 3. Schematic diagram o f  the Urbana MST radar antenna. 
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present,  it may penalize the l a rge r  zenith angles by 10 dB o r  more. 
would l i k e  t o  avoid being wedded t o  a s ing le  choice of o f f - v e r t i c a l  pointing 
direct ion.  The second consideration i s  the a b i l i t y  t o  measure horizontal  winds 
and minimize the contamination from v e r t i c a l  gravity-wave ve loc i t i e s .  I n  a 
separate paper (3.64) I discuss  t h i s  e f f ec t ,  and show t h a t  pointing d i r ec t ions  
very close t o  v e r t i c a l  should be avoided, no matter how good the signal-to- 
noise of each individual measurement. 
range of pointing angles which can be covered. 
symmetrical measurements e i t h e r  s ide  of the zenith,  the antenna beam should be 
centered v e r t i c a l l y .  
extreme pointing direct ions can be accommodated with no more than 3 dB l o s s  i n  
gain. 
So one 
Thirdly, the question arises as t o  the 
Because of the need f o r  
The modules should then have polar diagrams such t h a t  the 
Bearing i n  mind these three compromises, it seems t h a t  pointing d i r ec t ions  
up t o  5' away from v e r t i c a l  might be needed, implying a module s i ze  
approximately the same as t h a t  a t  Jicamarca, namely, 6 h  x 6 1  . 
FEED SYSTEMS FOR PASSIVE ARRAYS 
For feeding energy t o  the modules of an array,  the corporate s t ruc tu re  feed 
used by Jicamarca i s  a t t r a c t i v e ,  maintaining good bandwidth without beam 
shif t ing.  For the high voltages required, coaxial  l i nes  made from i r r i g a t i o n  
pipe were successfu&ly used a t  Jicamarca ,and have proved successful a t  Urbana 
also.  
low loss,  and excel lent  shielding. Open-wire l i n e s  are convenient f o r  feeding 
dipoles within a module, depending whether the a r r ay  uses end-fed full-wave 
dipoles (as i n  Bowles' o r ig ina l  Havana array)  center-fed full-wave dipoles (as 
i n  the Urbana array)  or Franklin antennas (as a t  Jicamarca, P l a t t w i l l e ,  and 
Poker F la t ) .  The exact choice depends on impedance-matching considerations. 
Their advantage l ies  i n  t h e i r  large power-handling capabi l i ty ,  extremely 
The choice between these configurations i s  not pa r t i cu la r ly  easy. The 
Franklin array has fewer feed l i nes ,  but has an awkward crossover a t  the 
junctions between the dipoles (Figure 4, 
t h i s  type of coupling would survive anywhere but a very dry environment such as 
Jicamarca. The use of coaxial  cable, as  a t  Poker F la t ,  c a r r i e s  with it some 
questions of the ohmic l o s s  i n  the t h i n  conductor, pa r t i cu la r ly  under conditions 
of high VSWR. 
OCHS, 1965). It i s  not c l e a r  t h a t  
The question of ground conductor i s  one which needs careful  thought. Wire 
mesh ( a s  a t  Jicamarca) i s  a good solut ion f o r  a dry climate. Multiple s ingle  
conductors (as a t  Urbana) seem t o  be effect ive,  though i n  a moist s o i l  i t  i s  
d i f f i c u l t  t o  determine how much benefi t  i s  obtained. Single conductors under 
each dipole  row are very invi t ing,  but it i s  not c l e a r  how applicable t h i s  i s  
under varying s o i l  conditions. 
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SUMMARY OF ADDITIONAL TOPICS 
Four topics  were added t o  the l i s t  given i n  the t en ta t ive  program: s i te  
select ion,  frequency al locat ion,  absolute cal ibrat ion,  and polar diagram v e r i f i -  
cation. 
4 5 3  
(a) S i t e  Selection 
Selection of a s i te  for  an MST radar system i s  subject t o  several  con- 
s t r a i n t s .  
ment e i t h e r  on very f l a t  t e r r a i n  (as a t  Urbana) o r  i n  a va l l ey  (Jicamarca) o r  
sink hole  (Arecibo). I n  heavy populated areas ,  the requirement of minimizing 
interference t o  other  services  requires extraordinary measures (as a t  SOUSY and 
Kyoto). 
s i b l e  of na tu ra l  and man-made noise. 
The requirements of minimizing ground c l u t t e r  suggests the place- 
Final ly ,  it i s  desirable  t o  select  a s i te  with as  low a l eve l  as  pos- 
D r .  Chao described noise surveys made f o r  the MU radar i n  Japan. A ver t i -  
cal ly  pointing Yagi and a f i e l d  in t ens i ty  meter monitored the 40-60 MHz band 
every 30 min f o r  two months, and t h i s  formed the bas i s  of the selected frequency 
band. 
D r .  Crochet described the methods used t o  se l ec t  the three sites f o r  the 
ALPEX experiment. 
ence which l a t e r  shows up i n  a l a rge  array located a t  the same place. 
H e  cautioned t h a t  a small antenna can f a i l  t o  see in t e r f e r -  
D r .  Rottger indicated t h a t  he had good experience using Yagi antennas fo r  
H e  a l so  pointed out t h a t  geophysical reasons d i c t a t ed  t h a t  i f  s i t e  select ion.  
wind measurements a r e  important, the  s i te  should be located f a r  away from moun- 
ta ins .  
D r .  Strauch described h i s  cri teria for  site select ion,  and prepared the f o l l o v  
ing remarks: 
"The general  location of the s i te  w i l l  usually be governed by the geophysi- 
c a l  problem t h a t  i s  t o  be addressed and of ten t h i s  consideration, t h a t  cannot 
be compromised, places ser ious r e s t r i c t i o n s  on the choice of t he  s i t e .  Usually, 
however, there a re  many loca l  po ten t i a l  s i t e s  once the general  locations has 
been determined. 
f o 1 lowing : 
Some of the points t o  consider fo r  s i t e  select ion a re  the 
1. Ava i l ab i l i t y  of power, telephone service,  and other  f a c i l i t i e s .  The 
2. The t e r r a i n  a t  the site. How much e f f o r t  w i l l  be required t o  modify 
3. The near-by terrain.  Can it  be a na tu ra l  shield or w i l l  i ts  c l u t t e r  
4. A i rc ra f t  f l i g h t  paths. W i l l  the antenna pointing angles be close t o  
qua l i t y  of service must a l s o  be investigated.  
the t e r r a i n  fo r  antenna i n s t a l l a t i o n ?  
s ignal  be a t  the same range as the atmospheric phenomena of i n t e r e s t ?  
direct ions where commercial aviat ion interference w i l l  be troublesome? 
A r e  there  small a i r p o r t s  nearby? 
5. Protection. 
secure? 
ready has r e s t r i c t e d  access. 
c lose enough t o  the s i t e ?  
vent  f looding? W i l l  n a t u r a l  vegetat ion i n t e r f e r e  with the antenna? Is 
the ground su i t ab le  fo r  easy antenna construction? 
r ad ia t ion  interference? 
from loca l  o s c i l l a t o r s  on TV o r  radio bands? 
amateurs or commercial broadcasting s t a t ions?  
I f  the s i te  w i l l  not be manned a t  a l l  t i m e s ,  w i l l  it be 
Can it  be located on land t h a t  i s  already protected o r  al- 
6. Maintenance f a c i l i t i e s .  W i l l  operations and maintenance people l i v e  
7. Type of vegetation and s o i l .  Is the drainage adequate enough t o  pre- 
8. Man-made interference.  W i l l  automobile t r a f f i c  cause a c l u t t e r  o r  
W i l l  near-by residences cause interference 
Are there  near-by radio 
"Although the actual  interference problem w i l l  not be known u n t i l  the an- 
tenna and receiver  are ins t a l l ed ,  the prudent experimentor w i l l  conduct tests of 
interference before a e l e c t i n g  a site. 
tests should be extensive and sensi t ive.  
For large and expensive f a c i l i t i e s  these 
A small d i r ec t iona l  antenna may be 
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s u i t a b l e  t o  simulate sidelobe s e n s i t i v i t y  of radars,  but it should be remembered 
t h a t  sophis t icated dats-pro ces sing methods make system s e n s i t i v i t y  extremely 
good; therefore  it would be advisable t o  use ( i f  possible) the complete data  
system t o  look f o r  interference.  
before i n s t a l l i n g  expensive, f ixed sites." 
(b) Frequency Allocation 
These measures would ce r t a in ly  be ca l l ed  f o r  
There was  general  agreement that  two aspects of frequency a l loca t ion  w i l l  
become important as increasing numbers of ST o r  MST radars  begin t o  operate i n  
the low VHF band. 
F i r s t l y ,  there  i s  the d i f f i c u l t y  of a l loca t ion  of frequencies -- almost 
continuous use by these radars w i l l  be made when the band 40-60 MHz i s  al lo-  
cated t o  other services.  It w a s  agreed t h a t  URSI should be contacted t o  see i f  
they can make overtures t o  CCIR concerning t h i s  question. 
Secondly, there  i s  the problem of interference of MST radars  with each 
other. A t  the moment, the densi ty  of such radars  i s  not su f f i c i en t  t o  cause a 
problem, but some frequency a l loca t ion  r a t iona le  must eventually be decided 
upon. I n  t h i s  connection, it seems c l ea r  t h a t  more a t t en t ion  should be paid t o  
the problem of designing MST radar antennas with lower sidelobes which w i l l  help 
both t ransmit t ing and receiving. 
(c) Absolute Calibration 
D r .  Hocking described a technique fo r  absolute ca l ib ra t ion  which he de- 
veloped for  the SOUSY radar and which i s  described i n  an MPI Report, "Absolute 
Calibration of the SOUSY VHF Stationary Radar". 
measurement fo r  the receiving system using a standard noise generator , and 
measurement o i  the diurnal  va r i a t ion  of sky noise fo r  each beam separately.  
It uses a combination of noise 
' D r .  Balsley pointed out  the d i f f i c u l t y  of performing absolute ca l ib ra t ions  
f o r  a multi-transceiver system, pa r t i cu la r ly  because of the d i f f i c u l t y  of 
estimating cable e f f ec t s .  
I D r .  Schmidt described the  method of ca l ib ra t ion  using the  Cassiopeia 
' source, and' D r .  Bowhill described the Signus-A source. 
D r .  &thews suggested t h a t  a l l  MST radars  should permit determination of 
the absolute sca t t e r ing  cross  section per unit volume fo r  the given pulse widths 
used. 
(d) Polar Diagram Verif icat ion 
Several approaches were used f o r  ver i fying the polar diagram of an MST 
radar antenna. D r .  Balsley described a method using a number of l-m diameter 
spherical  ea r th  satellites whose ephemerides are accuately known. The number 
of t;hese avai lable  i s  such t h a t  i n  a 10-day period a s  many as  8 passes may be 
made through a 1-deg-diameter beam. The updated ephemeris i s  accurate enough 
that. they can be used t o  determine the d i r ec t ion  of the antenna beam, as w e l l  as 
a ca l ib ra t ion  of the antenna by measurement of the absolute cross  section. 
M r .  Green described how a probe antenna can be moved through the antenna, 
accurately measuring the phase and amplitude of the f i e l d .  The r e su l t i ng  f i e l d  
pa t t e rn  can be used t o  synthesize the antenna pat tern and t o  estimate the 
aperture  eff ic iency . 
D r .  Mathews described the use of an a i r c r a f t  f l y i n g  a t  10,000 f e e t  with a 
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cal ibrated dipole  suspended on a weighted cable. 
was determined by mult iple  theodolites.  When a l l  the theodol i tes  agreed, a t i m e  
marker was used t o  c a l i b r a t e  the s ignal  strength record from the receiver.  Dr.  
Balsley used a similar arrangement by using a folded dipole made of RG-58, and 
using a Hewlett-Packard laser theodolite fo r  position-finding. Dr. Bowhill de- 
scribed a piece of radio equipment using 3 ground-based transmitters which en- 
ables  a sui tably equipped airplane t o  f l y  along a hown s t r a i g h t  l i n e  path with 
about 1-f t  accuracy. It i s  used f o r  crop dusting and f o r  surveying. 
The posi t ion of the a i r c r a f t  
